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File: PGPB 



May 13, 2004 



DOCUMENT-IDENTIFIER : US 20040090836 Al 

TITLE: Method and apparatus for data inversion in memory device 
Abstract Paragraph : 

The present invention is a method of writing information to a synchronous memory 
device by examining a present word of N bits to be written, where each bit has a 
high or low value. The present word is compared to a previous word also having N 
bits to identify the number of bit transitions from a low value to a high value of 
vice versa. The present bit is inverted when the number of transitions is greater 
than N/2. To avoid the need for having an extra bit accompany data bytes to 
indicate the presence or absence of inversion, the present invention takes 
advantage of a data mask pin that is normally unused during writing operations to 
carry the inversion bit. Non -inverted data is written directly into the memory 
device while inverted data is first inverted again before writing to storage 
locations, so that true data is stored in the memory device. 

Summary of Invention Paragraph : 

[0010] The present invention is a method of writing information to a synchronous 
memory device by examining a present word of N bits to be written, where each bit 
has a high or low value. The present word is compared to a previous word also 
having N bits to identify the number of bit transitions from a low value to a high 
value of vice versa. The present bit is inverted when the number of transitions is 
greater than N/2. To avoid the need for having an extra bit accompany data bytes to 
indicate the presence or absence of inversion, the present invention takes 
advantage of a data mask pin that is normally unused during reading operations to 
carry the inversion bit. Non -inverted data is written directly into the memory 
device while inverted data is first inverted again before writing to storage 
locations, so that true data is stored in the memory device. 
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REPRESENTATIVE-FIGURES : 6 



ABSTRACT: 



The present invention is a method of writing information to a synchronous memory 
device by examining a present word of N bits to be written, where each bit has a 
high or low value. The present word is compared to a previous word also having N 
bits to identify the number of bit transitions from a low value to a high value of 
vice versa. The present bit is inverted when the number of transitions is greater 
than N/2. To avoid the need for having an extra bit accompany data bytes to 
indicate the presence or absence of inversion, the present invention takes 
advantage of a data mask pin that is normally unused during writing operations to 
carry the inversion bit. Non -inverted data is written directly into the memory 
device while inverted data is first inverted again before writing to storage 
locations, so that true data is stored in the memory device. 
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DOCUMENT- IDENTIFIER: US 20030158981 Al 

TITLE: Memory bus polarity indicator system and method for reducing the affects of 
simultaneous switching outputs (SSO) on memory bus timing 

Abstract Paragraph : 

A method and system transfer read data from a memory device having a data bus and a 
data masking pin adapted to receive a masking signal during write operations of the 
memory device. The method includes placing a sequence of read data words on the 
data bus and applying a data bus inversion signal on the data masking pin, the data 
bus inversion signal indicating whether the data contained each read data word has 
been inverted . Another method and system transfer data over a data bus. The method 
includes generating a sequence of data words, at least one data word including data 
bus inversion data . The sequence of data words is applied on the data bus and is 
thereafter stored. The data bus inversion data is applied to invert or not invert 
the data contained in the stored data words. 



Summary of Invention Paragraph : 

[0012] According to one aspect of the present invention, a method and system 
transfer read data from a memory device having a data bus and a data masking pin 
adapted to receive a masking signal during write operations of the memory device. 
The method includes placing a sequence of read data words on the data bus and 
applying a data bus inversion signal on the data masking pin, the data bus 
inversion signal indicating whether the data contained each read data word has been 
inverted . 

Brief Description of Drawings Paragraph : 

[0016] FIG. 3 is a functional block diagram illustrating a memory system including 
a memory that supplies a data bus inversion signal to a memory controller over a 
data masking pin according to one embodiment of the present invention. 

Detail Description Paragraph : 

[0024] FIG. 3 is a functional block diagram illustrating a memory system 300 
including a memory 302 that transfers data bus inversion information to a memory 
controller 304 over a data masking pin 306 of the memory during read data transfer 
operations. The memory 302 selectively outputs true or inverted read data words 
DQ1-N on a data bus DATA to minimize the switching of bits between consecutive read 
data words, and activates a data bus inversion signal DBI on the data masking pin 
306 when inverted data is output and deactivates the DBI signal when true data is 
output, as will be explained in more detail below. The data masking pin 306 would 
normally be unused during read operations, but in the memory system 300 the memory 
302 uses the data masking pin to apply the DBI signal to the memory controller 304 
during read operations and in this way eliminates the need for additional dedicated 
pins on both the memory and memory controller, which reduces the costs of these 
devices. Moreover, the memory system 300 allows the memory 302 to transfer read 
data. words DQ1-N to the memory controller 304 within specified timing parameters 
even as a width N of the data bus DATA increases since the transfer of true and 
inverted read data words minimizes the switching of bits in consecutive read data 
words and thereby reduces current required by the memory in driving the data bus, 
as will be discussed in more detail below. In the following description, certain 
details are set forth to provide a sufficient understanding of the present 
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invention. However, it will be clear to one skilled in the art that the present 
invention may be practiced without these particular details. 

Detail Description Paragraph : 

[0033] In the memory system 300, the memory 302 uses the data masking pin 306 of 
the memory during read operations to supply the DBI signal to the memory controller 
304. In this way, an extra dedicated pin on the memory 302 for the DBI signal is 
not required which, as previously discussed, reduces the cost of memory modules 
containing a plurality of memories 302. The memory system 300 minimizes the 
switching of bits DQ1-N in consecutive read data words DW<1:N>, which reduces the 
current required by the read/write circuit 308 in driving the data bus and thereby 
reduces timing variations between data words and the DQS signal as more bits would 
otherwise change logic states between consecutive data words without the data bus 
inversion scheme of the memory system 300. In this way, the memory system 300 
reduces the SSO pushout on the data bus DATA . 

Detail Description Paragraph : 

[0036] The transition detector 508 receives the NDW<1:N> word from the read latch 
500 and the CDW<1:N> word output from the data driver 504 on the data bus DATA . The 
transition detector 508 determines the number of bits that change from a first 
logic state in the CDW<1:N> word to the complementary logic state in the NDW<1:N> 
word. When the detected number of bits is greater than N/2, the transition detector 
508 activates the DBI signal on the data masking terminal 106 and deactivates the 
IC signal, turning OFF the pass gate circuit 506 and thereby causing the inverter 
circuit 502 to apply the NDW <1:N>* word to the input of the data driver 504. In 
contrast, when the detected number of bits is less than or equal to N/2, the 
transition detector 508 deactivates the DBI signal and activates the IC signal 
turning ON the pass gate circuit 506 and thereby applying the NDW <1:N> word to the 
input of the data driver 504. 

Detail Description Paragraph : 

[0037] In operation, assume an initial CDW <1:N> word has been latched by the data 
driver 504 and is initially being output on the data bus DATA . The read latch 500 
thereafter latches the NDW <1:N> on the data path 116 in response to the ICLK1 
signal, and outputs the latched word to the transition detector 508, pass gate 
circuit 506, and inverter circuit 502. At this point, the transition detector 508 
compares the bits in the NDW<1:N> being output from the read latch 500 to the bits 
in the CDW <1:N> word currently being output by the data driver 504 on the data bus 
DATA . When the transition detector 508 determines number of bits changing from a 
first logic state in the CDW<1:N> word to the complementary logic state in the 
NDW<1:N> word is greater than N/2, the transition detector applies an active DBI 
signal on the data masking terminal 106 and deactivates the IC signal. In response 
to the deactivated IC signal, the pass gate circuit 506 turns OFF, causing the 
inverter circuit 502 to apply the NDW <1:N>* word to the input of the data driver 
504. The ICLK2 signal thereafter clocks the data driver 504, causing the data 
driver to latch the NDW <1:N>* word and output this latched word as the CDW <1:N> 
word on the data bus DATA . In contrast, when the transition detector 508 determines 
number of bits changing from a first logic state in the CDW<1:N> word to the 
complementary logic state in the NDW<1:N> word is less than or equal to N/2, the 
transition detector applies an inactive DBI signal on the data masking terminal 106 
and activates the IC signal. In response to the activated IC signal, the pass gate 
circuit 506 turns ON, causing the inverter circuit 502 to apply the NDW <1:N> word 
to the input of the data driver 504. The ICLK2 signal thereafter clocks the data 
driver 504, causing the data driver to latch the NDW <1:N> word and output this 
latched word as the CDW <1:N> word on the data bus DATA. 



1. A method of transferring read data from a memory device, the memory device 
including a data bus and including at least one data masking pin adapted to receive 
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a data masking signal during write operations of the memory, the method comprising: 
placing a current read data word on the data bus, the read data word including a 
plurality of data signals and each data signal having a logic state; developing a 
next read data word, the next read data word including a plurality of data signals 
and each data signal having a logic state; comparing the logic state of each data 
signal in the current read data word to the logic state of the corresponding data 
signal in the next read data word; determining the number of data signals in the 
next read data word that are changing from a first logic state in the current read 
data word to the complementary logic state in the next read data word; when the 
determined number of data signals changing from the first logic state to the 
complementary logic state is greater than N, developing an inverted next read data 
word, each data signal in the inverted next read data word having a logic state 
that is the complementary logic state of the corresponding data signal in the next 
read data word, and activating a data bus inversion signal; placing the inverted 
next read data word on the data bus; and applying the activated data bus inversion 
signal on one of the data masking pins . 

3. The method of claim 2 wherein the data bus includes X data signals, X being an 
integer multiple of 2N, and wherein a plurality of inverted next read data words 
are simultaneously applied on the data bus, each inverted next data word having an 
associated data bus inversion signal applied on an associated data masking pin . 

5. A method of transferring read data from a memory device, the memory device 
including a data bus and including a data masking pin adapted to receive a masking 
signal during write operations of the memory device, the method comprising: placing 
a sequence of read data words on the data bus; and applying a data bus inversion 
signal on the data masking pin, the data bus inversion signal indicating whether 
the data contained each read data word has been inverted. 



6. The method of claim 5 wherein the data bus inversion signal corresponds to a 
sequence of bits, each bit indicating whether a corresponding read data word in the 
sequence is to be inverted or not be inverted, and the bit associated with a 
particular read data word is applied on the data masking pin coincident with the 
particular read data word being placed on the data bus. 

7. The method of claim 5 wherein each read data word includes a plurality of data 
bits, and wherein applying a data bus inversion signal on the data masking pin 
comprises: comparing the logic state of each data bit in a current read data word 
being placed on the data bus to the logic state of a corresponding data bit in a 
next read data word in the sequence that is to be placed on the data bus; 
determining the number of data bits in the next read data word that are changing 
from a first logic state in the current read data word to the complementary logic 
state in the next read data word; when the determined number of data bits changing 
from the first logic state to the complementary logic state is greater than N, 
developing an inverted next rea d data word, each data signal in the inverted next 
read data word having a logic state that is the complementary logic state of the 
corresponding data signal in the next read data word; activating the data bus 
inversion signal; and placing the inverted next read data word on the data bus and 
the activated data bus inversion signal on the data masking pin ; and when the 
determined number of data bits changing from the first logic state to the 
complementary logic state is less than or equal to N, deactivating the data bus 
inversion signal; and placing the next read data word on the data bus and the 
deactivated data bus inversion signal on the data masking pin . 

8. The method of claim 5 wherein the memory device includes a plurality of data 
masking pins, each read data word comprises 2N data bits, and the data bus includes 
X data bits where X is an integer multiple of 2N, and wherein a plurality of next 
read data words are simultaneously applied on the data bus, each next data word 
having an associated data bus inversion signal applied on an associated data 
masking pin . 
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16. A memory device, comprising: an address bus; a control bus; a data bus; an 
address decoder coupled to the address bus; a control circuit coupled to the 
control bus; a memory-cell array coupled to the address decoder, control circuit, 
and read/write circuit; a data masking terminal adapted to receive a data masking 
signal during write operations of the memory device; and a read/write circuit 
coupled to the data bus, memory-cell array, and the data masking terminal, the 
read/write circuit operable during read operations to compare the number of bits 
changing from a first logic state in a current read data word on the data bus to 
the complementary logic state in a next rea d data word received from the memory- 
cell array, and operable in a first mode when the number of bits changing state is 
greater than a threshold value to apply an inverted next read data word on the data 
bus and apply an active a data bus inversion signal on the data masking terminal, 
and operable in a second mode when the number of bits changing state is less than 
or equal to the threshold value to apply the next read data word on the data bus 
and apply an inactive data bus inversion signal on the data masking terminal . 

18. The memory device of claim 16 further comprising a plurality of data masking 
terminals and the read/write circuit operable to compare groups of bits in the 
current and next read data words, and to develop a corresponding data bus inversion 
signal for each group and apply each data bus inversion signal on a respective data 
masking terminal . 

25. A computer system, comprising: a data input device; a data output device; a 
processor coupled to the data input and output devices; and a memory device coupled 
to the processor, the memory device comprising, an address bus; a control bus; a 
data bus; an address decoder coupled to the address bus; a control circuit coupled 
to the control bus; a memory-cell array coupled to the address decoder, control 
circuit, and read/write circuit; a data masking terminal adapted to receive a data 
masking signal during write operations of the memory device; and a read/write 
circuit coupled to the data bus, memory-cell array, and the data masking terminal, 
the read/write circuit operable during read operations to compare the number of 
bits changing from a first logic state in a current read data word on the data bus 
to the complementary logic state in a next read data word received from the memory- 
cell array, and operable in a first mode when the number of bits changing state is 
greater than a threshold value to apply an inverted next read data word on the data 
bus and apply an active a data bus inversion signal on the data masking terminal, 
and operable in a second mode when the number of bits changing state is less than 
or equal to the threshold value to apply the next read data word on the data bus 
and apply an inactive data bus inversion signal on the data masking terminal . 

27. The computer system of claim 25 further comprising a plurality of data masking 
terminals and the read/write circuit operable to compare groups of bits in the 
current and next read data words, and to develop a corresponding data bus inversion 
signal for each group and apply each data bus inversion signal on a respective data 
masking terminal . 
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A method and system transfer read data from a memory device having a data bus and a 
data masking pin adapted to receive a masking signal during write operations of the 
memory device. The method includes placing a sequence of read data words on the 
data bus and applying a data bus inversion signal on the data masking pin, the data 
bus inversion signal indicating whether the data contained each read data word has 
been inverted . Another method and system transfer data over a data bus. The method 
includes generating a sequence of data words, at least one data word including data 
bus inversion data . The sequence of data words is applied on the data bus and is 
thereafter stored. The data bus inversion data is applied to invert or not invert 
the data contained in the stored data words. 
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ABSTRACT : 

The present invention is a method of writing information to a synchronous memory 
device by examining a present word of N bits to be written, where each bit has a 
high or low value. The present word is compared to a previous word also having N 
bits to identify the number of bit transitions from a low value to a high value of 
vice versa. The present bit is inverted when the number of transitions is greater 
than N/2. To avoid the need for having an extra bit accompany data bytes to 
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A method of writing information to a synchronous memory device by examining a 
present word of N bits to be written, where each bit has a high or low value. The 
present word is compared to a previous word also having N bits to identify the 
number of bit transitions from a low value to a high value or vice versa. The 
present bit is inverted when the number of transitions is greater than N/2. To 
avoid the need for having an extra bit accompany data bytes to indicate the 
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that is normally unused during writing operations to carry the inversion bit. Non^ 
inverted data is written directly into the memory device while inverted data is 
first inverted again before writing to storage locations, so that true data is 
stored in the memory device. 
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